








 DEPARTMENT OF INFORMATION AND COMMUNICATION TECHNOLOGY 
  















LOAD BALANCED AND OPTIMAL DISK ALLOCATION 
STRATEGY FOR PARTIAL MATCH QUERIES ON 
MULTI-DIMENSIONAL FILES 
 


















Also: to be published on IEEE transaction on Parallel and Distributed 
















































































































PQ!).!*ﬂRﬀ!)!)S(! 4ﬂT 42	 44ﬂ6 ?!)ﬂ>ﬂ . 4ﬂ#ﬁ!R46*ﬃ&R!'Uﬂ!*Vﬂ@!)&&(**,1!) W-!)?.ﬂ/'
*ﬂ46+!!)Xﬂ
ﬂ5Y	4ﬂﬃﬂ2Z*!)Xﬂ\[*
ﬃﬂ M@ﬀ!)!	%UV4ﬂ]@-=ﬂ\.ﬀ=ﬂ164ﬂ1.!)S32'4ﬂ 1%9:;-*,.-],1!ﬃS$ﬂ\ 44.ﬂﬀ^*]!
 *XﬂTﬀ* 7(A`_`-ﬂa!)&&ﬁ*,1!) *,1*










































































































































































































































































* ?ﬀ=ﬂ5"$=ﬂﬀ\! `=ﬂJﬁ0:;-*,-\!*8-=ﬂJﬀ=+!* 
!  
ﬃﬂT-=ﬂM*ﬀ=ﬂ'*,1![!ﬁ




* @ !*ﬀg40S$ﬂM!b¶(¸)¶³®	¶² 91¸)¿Ł­0CED	¹)²V¿GFf²·1µ
D(¿Ł²­+µa­M®	¯±°k²V³4´)²­+µ1¶=·²|¸)¶(¹)¯"(ﬂA





























































,-Ê!6,5'4ﬂ5Y31%$ﬀ!)!)S! 4ﬂ 42	 44ﬂ6 `=ﬂ1ﬂﬀÊ4+ 44ﬂJ-ﬂ?"(ﬂ 9ma
*&ﬂFﬀ* 47	 1A
À
D	¹)¿4¹)¯V¯µ1¯d´¹°<¹#¼.¹·1µ>·G<·Ł°µ1­É* »!aﬀ!)!)S! 4ﬂ@ 42	 44ﬂì-!)W 44ﬂ Ua
*ﬀ*ﬃﬂ !#"(ﬂ fha
&ﬂ
ﬀ* 73 W-!)`,1!0SRﬂFﬂ!ﬀ0`:`44ﬂ0 *
!=ﬂ1
 .2Af_`-* W!ﬀﬀ*!R,1!)&!)S***2+6!2cﬁﬃ&r[ﬂF .X"
,1!'2a-ﬂ?*ﬃﬂ9ﬂ/3
ﬂﬀV»ﬀ!)!F4.! +*  M(!> 
!)S*ﬂW ,-=ﬂﬃﬂ;ﬁ N!ﬀ&4ﬂﬀﬃV»ﬀ!)!Jﬀ* 4.S
=*












*'4b!m&!).!*ﬂjﬀ!)!)S! 4ﬂ0 42	 44ﬂ 
 ﬀ* 73 1%(ﬀ=ﬂ=4ﬂﬀg! 'üÅ1Æ1Æ1ÆÅZJ
Ý
Ä%$-=ﬂa*ﬃﬂT4cﬂ14.*ﬂ1[ﬂT-=ﬂM/'




















































ﬀ* 73 @*b-=ﬂﬃ 423 4ﬂ\AT_`-=ﬂ1.ﬂ1ﬂ%8! &ﬁ6! *































  GaO.HKo Q¡ HG¢HD¤£ OZ B¢¥§¦G¦HJL¨WE8OH@D©×G8Hª¦Zb«
_`-=ﬂh&S*ﬂ `6*ﬁ6Ù*=X0-=ﬂhﬂ 4&R 4ﬂ+*ﬃﬂ+`PUå e> T 
V. 
ﬀ*ﬃﬂ .!"(ﬂ a-! 
ﬂ,5ﬂ[ﬂﬀÖ!\*@W!)44ﬂ#* *g-=ﬂM&! 41A0=Jﬂ5Y=!ﬃ&ﬂ%8=ﬂMU-=ﬂM". 4F!)&&.!,.-=ﬂ F4\-=ﬂﬃ&Sﬂ
&&R 4ﬂﬀcﬀ* 44.S(
=*=Xlä!ﬃX" ﬀ* 47	 U:;-c-=ﬂ>-=ﬂ&c!¬
V& 4ﬂ




 ! +-=ﬂ\&S(!)S**2ÕF!  X*=X !ÖS
,7ﬂ164 !Ö&!)*,1
*!)6ﬀ* 47$A^_`-ﬁ ﬃ 4*
=]-!ﬀ^=
,5 44!*# `\-=ﬂJ3





















=& F:;-Ö!ﬁﬃ 4>-=ﬂ+ .!ﬃﬂ+ 4&!*=Xc4ﬂ1ﬂ+!ﬀÕ!*ﬃ 4>-=ﬂh !ﬃﬂ






!*"(ﬂ `Vﬂ!,-gPUå eMA(_`-ﬁ ; 4*
8%-=r:Uﬂ1[ﬂ1%
,1! !)Jﬃ J-![ﬂ F-=ﬂﬃ/3
=ﬂ12m.ﬂ 4&R 4ﬂM*ﬃﬂAåmﬂ1r[ﬂ1%N-=ﬂﬃ&!)**=XhŁ * ﬃ.ﬂ-!Ö:W
X












ﬃﬂﬀ !¬6ﬀ* 47Ê 42	 44ﬂ !ﬀÖ!  .X=ﬂﬀ
-=ﬂcS

































 4[ﬂﬀ-=ﬂ9ﬀ* 47>!*	,1!)a&S*ﬂÉ&ﬁ6!*2FVSR-MPjåÖeF :;-
ﬂ5Y=!,52 :WÖ
 4&Rﬂ,1"(ﬂﬀ !)44.S



























¬ Ï  Ó %x!
 4 9!ﬀ+åbﬂ1!Y	! 9V*r:Uﬂﬀh!T,5ﬃ&(ﬂ14ﬂ26ﬀ²Rﬂ1ﬂ'j!)&&.!,.-8AŁÀF*[ﬂh!TS*!)2M

ﬀ*6ﬂ !"(ﬂä:;-hÁR!)44.S
=4ﬂ 9!ﬀ Î1' wTﬀ* 47	 1%'-ﬂW *








,7ﬂ1 ﬃ 44.ﬂﬀ ﬁ -=ﬂ0 !ﬃﬂ0ﬀ* 47ÖﬀÄ²$ﬂ1aS'2Õ!)Mﬂ! 4Áâ!)44.S
=4ﬂ Ab_`-ﬁ T!)&&.!,.-Z* 







Ã * W!+­6¹3Å²­M®	­ ´)²·Ł°<¹¶(½µJ·1µ¾D	¹)¿4¹#¼5¯*µ±














* 8 Ï  Ó 4
V.v:!)2>
ﬀﬁﬃﬂ !
"(ﬂ %U:;*-Ç:ÐÈ ' %`!ﬀ^.+!*2 ﬂ 4!)S** .-=ﬂﬀZ-=ﬂÊﬂ/3
[)!ﬂ,5ﬂÊSRﬂ1:Uﬂ1ﬂÉ·Ł°k¿Ł²k½°k¯><Z¸GD$°k²V­6¹)¯@¹)¯V¯¸½.¹°k²|¸)¶




k!,5-!)ﬃ-=ﬂ¬È;µ.µ´³k$¸¯¸)­6¸)¶Z,5	ﬀ=ﬂ Mú! *!).Xﬂhk!6*2Öb:!)2 åÉ³±*â,53ﬀﬂ ﬃ!)&&**,1!)S(ﬂ+4y:!)2












































ﬂ 4&R ﬂﬁﬃﬂ6* >ﬀ=.! *,1!*2Ê.ﬂﬀ
,5ﬂﬀ8Aﬃ_`-=ﬂ6 *






!).!'4ﬂ1ﬂ ` 44*,52ﬃ&*+!$ *
=c!ﬀ0!*ﬂ1[	*!)4ﬂ W-=ﬂ>**6*!) »-=ﬂ
&ﬂ1[	
 ;,53ﬀ=ﬂ5<S(! 4ﬂﬀbﬀ* 47\!*	,1!)m 4.!)4ﬂ1Xﬂ @:;-*,-Ê6!*2c .
x²$ﬂ1. -=ﬂ*!,7\fﬂ
=X-bå³±*





































































































































































































%;,5 .* 4 6>-ﬂmﬂ,5.ﬀ ÊÂ ÃÄÅ4Ã
ý





















































































i9!,7+4T-=ﬂ&&R 4ﬂﬀ6ﬀﬁ 47!ﬁ3,1!)*6 44.!)4ﬂ1X2%==4ﬂ-!)j-=ﬂV!+*2$.ﬂﬀ
ﬀ!'fﬂ ﬁﬀ
=ﬂ`,5	ﬀ=ﬂ 
!)&&ﬁﬂ 92c46"(*ﬂ ?:;-= 4ﬂa!)44.S
=4ﬂ -![ﬂa&!:* 4ﬂ5<&.ﬁﬃﬂ@ﬀ6!* 1AU¬* ?:W-Ê4h&$ﬁ#?
=;-!)
-* * @=@!c 4ﬂ1.*
 ;*ﬁ6!)Ê .*,5ﬂT-ﬂ!)44.*S
=4ﬂaﬀ6!* !)ﬂ ﬂﬂ,54ﬂﬀg:;-=ﬂb-=ﬂﬀ* 47\!*	,1!)
 44.!)4ﬂ1X2g* ;ﬀﬂ X=ﬂﬀ8A@@-ﬂ !)7ﬂj,5ﬃ&(ﬂ14ﬂ=ﬂ  1%$:Wﬂa*'4	ﬀ
,5ﬂa!h=ﬂ1:ä,1*!  mÈ`µ´®3¶$´¹)¶°Ł×a¸)¶³
` ¹²¿,Ff²ﬁ·µ"`9¿Ł²V­6µÈ;µŁ·²|´)®µÇØf¸´#µ5·T*Ö.ﬀﬂ1T4b-!ﬀﬂ6!)44.*S
=4ﬂ J:- =	<&(!:;* ﬂ&.*ﬃﬂ6ﬀ=+!* 1A
_`-ﬁ ?6!2\ﬂ!ﬀ04c!ﬃ :ﬀ=:;Ê:;-0ﬂ 4&Rﬂ,5?46-ﬂJ&*6!8 *
=0S32\!M&ﬂﬀ=ﬂ14ﬂ1.+*=ﬂﬀ0k!,54A
_`-ﬂﬃﬂ6!*ﬀﬂ1@W-=ﬂﬃ&!)&Rﬂ1J* F.X!Ù1ﬂﬀ ! >V*r:; 1A*3ﬂ,5
/
ﬂ1[3*ﬂ1:; FS! *,ﬃ,5,5ﬂ1& JW-=ﬂ
,5	ﬀ*=X@-=ﬂ12J-!)Q!).ﬂW.ﬂﬂ1[!'Q4F
=Q:U7$Afi9! 4ﬂﬀM-=ﬂF¿4µ.´)®	¶(´¹)¶°ﬂD	¹²¿,Ff²ﬁ·µ$D(¿Ł²­+µ;¿4µ5·²|´)®µQ,5	ﬀ=ﬂ 1%



















4Ê [ﬂM-=ﬂﬃﬀ* 47Ê!**3,1!)  44!)4ﬂ1X2bV
=	
V. 
ﬀﬁﬃﬂ !"$ﬂ ;:-= 4ﬂa!)44S







































,5	ﬀ=ﬂ´Ã * 6¯±²¶Rµ¹)¿?a* ,1 4ﬂﬀ 
ﬀﬂ1T-=ﬂ0!ﬀﬀ*Õ!ﬀ  
































































































































!ﬀZ-=ﬂÉìa¹)­M­M²¶J ´)²·Ł°<¹)¶$½µ6S$ﬂ1:Uﬂ1ﬂ^:WÕ,53ﬀﬂ1:U.ﬀ ﬃ* M-=ﬂ\'
TSRﬂ1
9,5ﬃ&R=ﬂ# T*g:;-*,-b-ﬂ12gﬀÄ²$ﬂ1A_`-=ﬂ0­M²¶²­M®	­ ´)²·Ł°<¹)¶$½µ5%%^Ã * F-ﬂ66**
î®!+6*=X
ﬀ* !,5ﬂ>SRﬂ1:Wﬂ1ﬂm!*8&(!. 9fﬀ* 4ﬁ,5?,53ﬀ=ﬂ1:W.ﬀ ;*ÃMAm*=*,5ﬂF-=ﬂT!*<Ù1ﬂ16,53ﬀﬂ1:U.ﬀb!:9!2	 `SRﬂ=X
4>!ﬁ*=ﬂ!),5	ﬀ=ﬂ%-=ﬂ96**a


































A0¬JV*: Jﬀﬂ,5*2b-!)a!ﬃ=Xb!ﬁf-=ﬂ+,5	ﬀ=ﬂ J?!\X*[ﬂÕﬂ=X-ÕÁ^!ﬀ  *Ù1ﬂç%N-=ﬂ























































































































































Ø¯[#²V¶$µŁ·µ±È`µ1­ﬃ¹²¶(´'µ5¿n	[	µ¸¿4µ1­ Ï¼'Ó A`_`-ﬂJﬂ *ﬀ
=ﬂ>ﬂ1&ﬂ ﬂ#!) ;Q-=ﬂ*#4ﬂ1Xﬂ1 *m-=ﬂJ.!Xﬂ Ï  ÅZå 

































































































,53ﬀ=ﬂ6-! ;!g*=V.6!)\&(!),5 .* 4*=Xﬃf-ﬂJ". Á0ﬂ .*ﬀ
=ﬂ



















































































































































































































































Y £ OZ B¢à¥§¦G¦HJL¨WE8OH@D[Z>E$G¨WE$Ú@Þ]\q¨ä P»I H@D_^ jI6KﬃDMI¨`D@E`^ $ ROI6KoùÏ HJI$ 
Öﬂ;!)ﬂ`:]ﬂ!ﬀ=2a4J&ﬂ ﬂ#Q-=ﬂ@³@ﬂ,1*
 4ﬂ1f&	,5ﬂﬀ
=ﬂ%:;-*,.-M 4[ﬂ »-=ﬂ`ﬀ* 47a!*	,1!)&Sﬂ V

ﬀﬁﬃﬂ !"(ﬂ »:;-= 4ﬂ`!)44.*S





















































%(:;-= 4ﬂJ,5	ﬀ=ﬂ1:W.ﬀ `!).ﬂJ-=ﬂ>ﬂ ﬁﬀ


































































































































































-=ﬂ#9-ﬁ=ﬂ 4ﬂV¿;ﬂ6!*ﬀﬂ1F_;-=ﬂ1ﬂ Ï¼'Ó %8-=ﬂ1ﬂﬃ* F!0
ﬁ/'





















































































,5 ﬁ 4 `Q-=ﬂJ.ﬂ *ﬀ









































































































*ﬀ*ﬃﬂ !"(ﬂ+  ,5.!),- !6=Xm-=ﬂcﬀ* 47	 1A
=ﬂ1-=ﬂﬂ  %*+ﬂ*-=ﬂ1`,1! 4ﬂ 1% 46ﬂ@S(
,7ﬂ1 `














































































,7ﬂ1 M4 ﬂ!,.-]ﬀ* 47	 a*Õ-=ﬂ0=ﬂ1:
,5	"X


































































ﬀ* 73 ?*Ê-=ﬂT***!Rﬀ* 47c 423 4ﬂ\%!)ﬂT: ,5ﬁ*!)& 4ﬂﬀÊﬁ#4+!+ *=Xﬂ>ﬀﬁ 47hQ-=ﬂa=ﬂ1:Éﬀ* 7h 42	 44ﬂ\AW_`-=ﬂ
=ﬂ1: ﬀ* 47ﬃ!*	,1!)+ﬂ6!* j 44.*,52M&ﬁ6!|Af;4ﬂ@-!)U-=ﬂ;ﬂ &$ 4ﬂ`*ﬃﬂ*,5ﬂ! 4ﬂ USRﬂ,1!
 4ﬂﬂ1:Wﬂ1













Jﬀ* 47	 6![)!**!)S*ﬂb* h=h!âa
*&ﬂ\>-=ﬂg!)
4.S(












ﬀ* 47	 R:;-=ﬂ1ﬂ  * 8-=ﬂf&3ﬀ
,58'-ﬂ
l













































&&R 4ﬂ`=: -!)^ .ﬂ6!* »
,.-!Xﬂﬀ8%':-*ﬂ9-=ﬂ@'
aSRﬂ1»d!)44.S(
=4ﬂ »8-=ﬂ`"(ﬂf ,.-!Xﬂ 1A
À
-=
=X- -* c 
































































ﬀ* 73 \* \
,.-!Xﬂﬀ8%>ﬃﬂÖS
,.7ﬂ1 m








Ó %! W-=ﬂF 4ﬂ1ﬂﬀ0,53ﬀ=ﬂF!,1,5.ﬀﬁ=Xa4:;-ﬁ,.-y :9! 9ﬀ* 44S
=4ﬂﬀ8%#-=ﬂ@ﬂ1:  4ﬂ1ﬂﬀ0,5	ﬀ=ﬂF:;**




















































 *+**!)Wﬂ! 4*X6!)&&*ﬂ 9:-=ﬂ0-=ﬂT3
aS$ﬂ1?Q!)44.S(
=4ﬂ ?ìﬀ=ﬂ,5ﬂ! ﬂ 1A
¬ ^ jI6KﬃDMI¨`D@E`­ H@D¦®J¨`O.Gâ OZ B  GdO-« ¯^ $ ROI6KoáÏ HJI$ 
_`-=ﬂÊ *
=Z&.&$ ﬂﬀ]*Z-=ﬂm*! 6 4ﬂ,5^:W7	 6V6&!.:;* 4ﬂ5<&*ﬃﬂ6"$ﬂ 1A^_`-ﬁ ﬃ* ﬃ=+!  4=X
,5 44!*#\SRﬂ,1!
 ﬂÖ-=ﬂÖﬀ=6!* 0-=ﬂ !)44.*S
=4ﬂ \!)ﬂ  4ﬂ*ﬂ,54ﬂﬀ :;-**ﬂb-=ﬂ ﬀ!)!)S! 4ﬂ * \ﬀ=ﬂ .X=ﬂﬀ
ﬀ=ﬂ1&Rﬂﬀﬁ=XJh-=ﬂF.X*!(*'4ﬂ1[!(d-=ﬂF!)44.S(
=4ﬂ 9!ﬀ+c-=ﬂF Ù1ﬂ@d-=ﬂ>ﬀﬁ 47M&!)Xﬂ"
k 4ﬂ1ﬂ=½fY=!ﬃ&ﬂ
'












































































*ﬃ&ﬁﬂ ;-!)T^ãl,5 *  F^å









































!)ﬂ"T)¹)¯±²k´T*#4ﬂ1Xﬂ1ﬂ1&ﬂ ﬂ#!) `*0-=ﬂJÁRﬀ*ﬃﬂ *!( &!,5ﬂ0ãWA
4ﬂU-!)-= 4ﬂ°>[)!**ﬀ>.ﬂ *ﬀ
=ﬂf.ﬂ1&ﬂ 4ﬂ'!) É!; .
=S 4ﬂ1dPã9%r:;-*,.-a* !,53ﬀ=ﬂjS'2Jﬀ=ﬂ5"$8A
®:Wﬂ1[ﬂ1%-=ﬂﬃ6ﬁ*
 ﬀﬁ 4!,5ﬂU 
,- !c,5	ﬀ=ﬂﬃ* F
=7	=r:;v
















































¬@ﬁ `ﬂ! 42Ê4\ 4ﬂ1ﬂ-!)@-=ﬂMPŁ¿f¿?G
VÁfÅ-Á







































































































































































































VÁfÅ-Á  ,53ﬀﬂ%iÃM%-! h+**




















Ä A_`-=ﬂ» .6!*ﬂ 48[)!*
































































:J%9;!Ö,5	ﬀ=ﬂ1:W.ﬀ]i®!6+*=Xg:UﬂX-'" ﬂ5Y=* 4 %j-=ﬂÊ!)SR[ﬂb,5ﬀZ
 4MSRﬂ\ﬀ=ﬂﬂﬀ V+!#2
 


























































































üPüUbdc *: ﬀ*ﬂ,520S'2mS 4ﬂ1[	*=X6-!)-=ﬂo®@!66*=Xcﬀ* 4!,5ﬂTf-=ﬂ:W\,53ﬀ=ﬂ1:W.ﬀ ãdÄF!ﬀ
ã
ý























òæE - -/- E
















































































































































































































































































































































































































































































































































































































































































































V -=ﬂa&*6!ﬂ 4&R 4ﬂ*ﬃﬂA=Æ@ *=Xy Î
V
à



































































aS$ﬂ1ﬃ 42	 44ﬂ 
?¿i*  !  3,1*!)4ﬂﬀ^:;-â-=ﬂ\=	































































,5 * T`-=ﬂhﬂ *ﬀ



































































,5.ﬂ 4&Rﬀ @4\-=ﬂﬃﬂ .*ﬀ
























































































































































































































































































































































"(ﬂ @g4\&!).!ﬁﬂﬀ!)!)S! 4ﬂﬃ 42	 44ﬂ6 F-!)Fﬂ5Y	&@-=ﬂﬃ!)S***2\U!,1,5ﬂ . *=X\
&*ﬂaﬀ* 73 @ *
!
=ﬂ1
 .2A]iW! ﬂﬀ^^!Ö*!).XﬂÊ!ﬀÐﬂ5Y=Sﬂ0,1*!  6@6!Y=*
 ﬀ* !,5ﬂÊ 4ﬂ1&!).!)S(ﬂÊ,53ﬀﬂ 1%U,1!**ﬂﬀ]-=ﬂ
ﬂﬀ
ﬀ!'`ﬂ *ﬀ

















































































WAdi9!). »!ﬀÖPNAdåg!)ﬂ 44.*|%<Fé½».0#W	ﬀ=ﬂ >*Ç¿`ﬂ ﬁﬀ
=ﬂﬃ








































































= 4 M!ﬀ³ANåbﬂ1!Y	! %]Fé³F* 47
À
*	,1!)Õåbﬂ1-=	ﬀ a







































































AA@A@ﬂ% F4_`-=ﬂ¶À@ﬂ=ﬂ1.!l#?-*=ﬂ 4ﬂ¿`ﬂ6!ﬁﬀ=ﬂ10_`-=ﬂ1ﬂbH	%±]@­+µ5¿\5aÕ¹°U[\ia ¸)¶(°U[#¯><)%
«32
%
'
%F&&dA
.4
%r
.


A
')
